A probabilistic approach was used to map the seismic hazard in Democratic Republic of Congo and surrounding areas, and assess the seismic hazard level for 14 cities in the region. Seismic hazard maps for 2%, 5% and 10% chance of exceeding the indicated ground accelerations in 50 years were prepared using a homogenised 90-year catalogue compiled for moment magnitudes; the attenuation relations of Mavonga (for the Western Rift Valley of Africa), Jonathan (for eastern and southern Africa) and Atkinson and Boore (for eastern North America); and the EZ-Frisk software package. The highest levels of seismic hazard were found in the Lake Tanganyika Rift seismic zone, where peak ground accelerations in excess of 0.32 g, 0.22 g and 0.16 g are expected to occur with 2%, 5% and 10% chance of exceedence in 50 years, respectively. The seismic hazard in the Congo Basin diminishes with distance away from the Western Rift Valley until, at a distance of about 450 km, the chance of exceeding 0.05 g (the threshold value of engineering interest) is less than 10% in 50 years.
Introduction
The Western Rift Valley of Africa (WRA) has experienced several severe earthquakes (M≥6) in recent historical times (Table 1) . Most of these earthquakes occurred in the Democratic Republic of Congo (DRC), Uganda and Tanzania. The seismic hazard in the DRC and areas adjacent to the Western Rift Valley of Africa has been previously assessed by several workers. Midzi et al. (1999) investigated a large area (approximately 50°x 25°) and hence only considered regional structures in their seismic source zonation and did not take the local details of observed seismicity and tectonic features in the Western Rift into account. Twesigomwe (1997) focused on the assessment of seismic hazard in Uganda, while the assessment of earthquake hazard in Zaire (now the DRC) by Zana et al. (1992) was based on the spatial distribution of epicentres, the equivalent earthquake magnitude distribution, and trends of a and b in the Gutenberg Richter formula, but did not take the attenuation of ground acceleration into account.
Social conditions in the Great Lakes region are continually changing, and planning based on seismic hazard considerations is poor to non-existent. Population growth has led to relatively uncontrolled use of land for building and some sites that are vulnerable to earthquake hazard have been developed. In the period 2002 to 2008 the Western Rift of Africa experienced three large earthquakes with magnitude greater or equal to 6, one in the Lake Tanganyika region (M s 6.8) and the others in Lake Kivu Basin (M w 6.0 and M w 6.2).
For these reasons, a revised assessment of hazard is urgently needed. Our study makes use of a homogenised 90-year earthquake catalogue for the DRC and surrounding areas, the new strong motion attenuation equation developed by Mavonga (2007b) based on digital seismic records of events recorded by seismic stations in the Western Rift Valley of Africa, and takes local details of geology, tectonics and recent seismicity into account.
Geology and seimotectonics of the DRC and adjacent areas
The occurrence of earthquakes in DRC and adjacent areas is mainly controlled by the Western Rift Valley of Africa (WRA). A concentration of epicentres follows the rift structures, starting from southern Sudan and terminating in southern Malawi. The WRA is occupied by several large lakes, viz. Albert, Edouard, Kivu, Tanganyika, Rukwa and Malawi. Furthermore, the region south of the Lake Tanganyika Rift, which includes the Katanga province of south-eastern DRC and northwestern Zambia, is of considerable tectonic interest since geological and geophysical studies have revealed seismically active areas that may be related to the WRA (Mondeguer, 1989; Fairhead and Girdler, 1972; Fairhead and Henderson, 1977; Sebagenzi et al. 1993; Shudofsky, 1985) . The region is marked by a large negative Bouguer anomaly, a northeast to southwest trending zone of seismic activity (although active fault structures are poorly exposed at the surface), and several young Cenozoic rifts viz. Upemba, Luano, Lukusashi, Luangwa Karoo and Moero. Diffuse seismicity is also observed in the Congo Basin (Atalay, 2002) .
Studies of local seismicity and seismotectonics in the Western Rift Valley of Africa, Congo Basin, south-eastern DRC and northwestern Zambia have been carried out by De Bremaecker (1955 , 1959 , Wohlenberg (1968) , Bram (1972) , Maasha (1975) , Zana (1977) , Zana and Hamaguchi (1978) , Zana et al. (1989) , Zana et al. (1990) , Zana et al. (2004) , Maasha and Molnar (1972) , Tanaka et al. (1980) , Zana and Tanaka (1981) , Shudofsky (1985) , Wafula and Zana (1990) , Foster and Jackson (1998) , Atalay (2002) , Sebagenzi and Kaputo (2002) and Mavonga (2007a) . These studies, either of focal mechanisms of individual events or composite focal mechanism solutions of micro earthquakes, have shown that the stress field is predominantly of normal faulting type throughout the region, with the exception of the Congo Basin. The main seismotectonic features of the study area can be summarised as follows (Figure 1 ).
Western Rift Valley of Africa (WRA)
Based on local seismicity and geological structure, four seismic zones have been identified in the WRA. The main features of these zones are summarised below.
Southern Sudan, Ruwenzori area, and Lake Edouard trough Southern Sudan is dominated by relatively strong earthquakes (e.g. sequence of large events in 1990-91), but with poor tectonic control (Girdler and McConnell, 1994) . The Ruwenzori mountain is an uplifted horst of Precambrian rock (Cahen, 1954) . The Ruwenzori area experienced large earthquakes on 20 March 1966 (M w =6.8) and 5 February 1994 (M w =6.2) that killed 160 and eight people, respectively (National Earthquake Disaster Committee, 1994; Mavonga, 2007a) .
Virunga volcanic complex, Rutsuru Basin and Masisi area
The Virunga volcanic complex is the largest of the Cenozoic volcanic complexes in the Kivu Province and the only one that is presently active. The Virunga volcanoes are distributed along an east-west trend at right angles to the rift axis (Kampunzu et al., 1986) . The tectonic seismicity in the volcanic area is very low (generally M≤4). The Rutsuru Basin is located in the northern part of the Virunga area, while the Masisi area is northwest of Lake Kivu.
Lake Kivu Basin, Ngweshe area and Ruzizi plain
The Lake Kivu Basin consists of two subsiding halfgrabens separated by the 700 m high Idjwi horst structure. The basin is bounded to the west by the 1500 m high escarpment the West Kivu border fault, and to the east by the less prominent escarpment of the East Kivu border fault (Ebinger, 1989a) . The Lake Kivu Basin marks the transition of the Western Rift Valley from the predominant northwesterly orientation of RuziziTanganyika Rift Basin to the more southwest to northeast trend of the Kivu, Virunga and Rutsuru-Lake Edouard Rift Basins (Ebinger, 1989b) . The central part of Lake Kivu experienced a large earthquake (M w =6.2) on 24 October 2002 in the Kalehe area, which was felt strongly at Goma, Bukavu and Kigali (Mavonga, 2007a Kinabo et al., 2007) . (Zana and Hamaguchi, 1978) , and 5 December 2005 (M s =6.8) in the central part of Lake Tanganyika. While the history of seismic activity in this rift is not well known, the topography of this area is marked by grabens and horsts that are most likely associated with earthquakes (Mortelmans, 1953; Zana et al., 2004) . Sebagenzi and Kaputo (2002) reviewed the available gravity, heat flow and seismological data in the region, and found geophysical evidence for continental breakup in southeastern DRC and northwestern Zambia. The most prominent seismotectonic features in this region are the Upemba and Moero Rifts. The Upemba Rift is characterised by a northeast to southwest striking fault extending along its eastern side (Studt et al., 1908) . The Upemba Rift may extend northward to the Kabalo area, which experienced an earthquake with magnitude M w =6.5 on 11 September 1992. The main shock claimed 11 lives, 109 people were seriously injured (four died within a month of the main shock), and more than 2000 families were left homeless. However, the relationship between the surface structures and deeper features needs to be determined in order to establish whether the Upemba and Moero Rifts are part of the Western Rift Valley (Sebagenzi and Kaputo, 2002) .
Southeastern DRC and northwestern Zambia

Congo Basin
The tectonic origin of this intracratonic basin is unknown. No surface ruptures have been documented, even though some large and damaging shocks have occurred in that area. Four earthquakes with magnitudes ranging from M b =5.4 to M b =5.6, which occurred in the Congo basin during the period 1976 to 1998, were studied by Fairhead and Stuart (1982) , Diewonski et al. (1996) and Atalay (2002) . They demonstrated that the Congo Basin is predominantly in a state of horizontal compression. The fault mechanisms of these earthquakes show approximately east-west oriented P-axes, which could be explained by compression of the African Plate due to ridge push forces originating from the MidAtlantic Ridge and the East African Rift System (EARS)
Data
All seismic data used in this study are instrumental data compiled from various sources covering the region 14°S to 6°N (Sutton and Berg, 1958) . It was later extended by setting up the Rumangabo (RMG) and Butembo (BTC) stations in the North Kivu Province. In cooperation with the IRSAC, the Union Miniere du Haut Katanga (UMHK), now Generale de Carrieres et des Mines (GECAMINES) set up a seismological network in Katanga that operated from 1960 to 1970. This network included the Delcommune (DCC), Lubudi (LBD) and Mulungwishi (MLN) stations (Bram, 1972) . However, most of these seismic stations in the DRC were closed from 1964 to 1970 due to the political instability. Current seismograph stations in DRC are operated by the Centre de Recherche en Sciences Naturelles (CRSN) and University of Lubumbashi (UNILU). At present, there are nine stations, mostly concentrated in the Virunga volcanic area. In July 2007 AfricaArray set up a broadband seismic station at Lubumbashi in collaboration with UNILU.
Data for the period prior to the establishment of the IRSAC/CRSN network were obtained from the catalogue of the International Seismological Centre (ISC), previously the International Seismological Summary (ISS); the catalogues published by the United States Geological Survey, which include the NEIS, NEIC, USCGS and CGS catalogues; the Zimbabwe Meteorological Service Seismological Bulletin, particularly the station at Bulawayo (BUL); and Gutenberg and Richter (1949; 1954) .
A homogenised catalogue was compiled in Seisan format, listing the source of the data; the date, origin time, coordinates of the earthquake (if data was provided by more than one source, the most reliable and likely solution was selected in the order ISC, USGS, LWI and BUL); and a magnitude homogenised according to the moment magnitude scale.
Methodology
Unification of magnitudes
Several different magnitudes scales are used to describe the size of earthquakes (Båth, 1981) and various seismological centres may use data from different stations when determining the source parameters. Consequently, there may be differences in the reported magnitudes. It is therefore necessary to choose a suitable magnitude scale and harmonise the various catalogues prior to any seismic study. We decided to use the moment magnitude M w for our unified catalogue, as the moment magnitude M w is a direct indicator of the seismic moment of an event (Boore and Joyner, 1984; Joyner, 1984) . The following relations were used to convert various magnitudes to M w . For small events, magnitude M l is considered to give a reliable measure of event size (Singh et al., 1990) . Hanks and Kanamori (1979) showed that surface wave magnitude M s , when converted to magnitude M w has a similar relation to M l . The relations used to convert M l and M s to moment magnitude M w via the seismic moment M o are:
Log 10 M o = 1.5M s + 16.1 ± 0.1, Log 10 M o = 1.5M l +16.0, and M w = 2/3 log 10 M o -10.7 where M o is the seismic moment given in dyne-cm and M w is the moment magnitude. These conversion relations are valid for the range 3≤M l ≤7 and 5≤M s ≤7.5. To convert M b to M s , a theoretical relationship determined by Marshall (1970) was applied:
To convert M l to M b , the relationship of Richter (1958) was applied:
The USGS and BUL magnitudes were converted to the ISC magnitude using the least squares regression relations of Hlatywayo (1992 Hlatywayo ( , 1995 
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The Lwiro (LWI) magnitudes were originally determined using a procedure similar to that proposed by Richter (1935) for seismograms recorded on a standard torsion seismometer (Anderson and Wood, 1925) . The Nordquist (1945) nomogram, adapted for the shortperiod Benioff seismometer (T o = 1 sec, T g = 0.25 sec, Magnification =100), was used (De Bremaecker, 1955) . For the period from 1953 to 1964, only the Lwiro magnitude M(LWI) reported in the IRSAC catalogue was available for the unified catalogue. For magnitudes less than 4, M(LWI) is consistent with the Richter local magnitude. However, for magnitudes greater than 4, M(LWI) shows a large departure from Richter local magnitude, yielding a magnitude similar to the teleseismic body wave magnitude M b (Båth, 1975) . So, to obtain a reliable magnitude scale, M(LWI) was converted to an equivalent USGS M b magnitude. A regression relationship was determined between M(LWI) and M b reported by the USGS using the least squares method for 86 selected earthquakes with M(LWI) ≥4 that occurred in the period from 1965 to 1977 (Figure 2b ):
Probabilistic seismic hazard analysis A probabilistic approach (Cornell, 1968; McGuire, 1976 and 1993) was used to map the seismic hazard in DRC and surrounding areas. The magnitude-frequency distribution of the 2249 earthquakes in the harmonised catalogue of approximately 90 years duration is shown in Figure 3 . Assuming linearity of the magnitudefrequency relationship, the plot implies that the threshold of completeness of the catalogue is around magnitude 4.
A Poisson model of earthquake occurrence, which assumes events are independent, was adopted (Bender and Perkins, 1987) . Therefore foreshocks, aftershocks and earthquake swarms were removed from the initial catalogue of 2249 events. Furthermore, M w =4 was selected as the lower magnitude bound (M min ) because smaller earthquakes are considered unlikely to cause damage, even to houses that are poorly designed and built. Thus any remaining events with M w <4 were also excluded from the catalogue, leaving a sub-catalogue of 822 events.
Application of the probabilistic seismic hazard analysis involves three main steps. Firstly, potential seismic source zones are defined i.e. zones within which all available information may be averaged. These zones are usually associated with active geological or tectonic features (e.g. faults). Based on previous studies of the tectonics and seismicity of the area, three seismic source zones were identified as the main producers of damaging earthquakes in the DRC and surrounding areas (Figure 4 ): 1. Upemba-Moero Rift (an area encompassing the south-eastern part of DRC and the north-western part of Zambia), 2. Congo Basin, and (Atkinson and Boore, 2006) and central United States of America (Somerville et al., 2001) . These curves are for Mw7.5. The PGA in the Atkinson and Boore (2006) and Somerville et al. (2001) relations was obtained at a fixed frequency of 50 Hz in the spectral acceleration curve.
iii. Maximum possible earthquake magnitude (M max ), iv. Gutenberg-Richter (1954) "b-value" (which indicates the relative number of large and small earthquakes, ␤=b ln10), v. Focal depth, and vi. Regional attenuation relationship for the strong ground motion.
These parameters were calculated using the Seisan 8.1 BVALUE program (Havskov and Ottemöller, 2006) using a Nordic input file with magnitude step 1.0, 0.5, 0.25 and 0.1. The magnitude-frequency relations for the three main source zones are shown in Figure 5 . The total number of events with M≥4 used to calculate the b-value was 99 for the Congo Basin, 99 for Upemba-Moero Rift, and 624 for the Western Rift Valley. The maximum standard deviation in the calculation of b-value was ± 0.1. The b-value is expected to be regionally stable with variations less than the uncertainty limits, while the activity rate is liable to vary substantially from one seismic source zone to another. The maximum credible magnitude M max was obtained using the iterative solution method (Kijko, 2004) , taking a starting value of M max = M max obs +0.5 where M max obs is the largest observed magnitude.
The maximum standard deviation in the calculated M max was ± 0.5 Figure 7 . Distribution of mean PGA values (in unit g) The accuracy of the focal depths is generally poor owing to the sparse station spacing. However, microseismic studies indicate that the earthquake foci are generally between depths of 10 to 20 km in the Western Rift Valley of Africa (Zana, 1977; Zana and Hamaguchi, 1978; De Bremaecker, 1959; Wohlenberg, 1968) . Consequently, we used a value of 15 ± 5 km.
To estimate the ground motion likely to be experienced, we considered five attenuation relations derived for hard rock conditions. Three of these relations were derived using data from the African continent: Mavonga (2007b) for the Western Rift Valley, Twesigomwe (1997) for Uganda, and Jonathan (1996) for eastern and southern Africa. We also considered the relations derived by Atkinson and Boore (2006) and Somerville et al. (2001) for eastern and central North America, which have frequently been used to describe other stable continental regions (e.g. Kijko et al., 2002) . Our evaluation of equations derived for North America was motivated by the fact that we have very little observed strong-motion data in Africa to validate the choice of a model. We believe that it is preferable to use a well-constrained models based on data from another region with similar seismotectonic characteristics, rather than a local, but poorly-constrained model (Douglas, 2007) . Both Sub-Saharan Africa and eastern-central North America are intra-plate regions characterised by relatively low levels of seismic activity, with earthquakes randomly distributed in space and time. The only parts of Sub-Saharan Africa that do not display these characteristics are the East African Rift System and the Cameroon volcanic line, where earthquakes are associated with active fault zones and volcanic activity (Kubanza et al., 2006) . The DRC and surrounding areas straddle both the craton and the rift zone, although the boundary between craton and rift is not precisely defined owing to the sparse distribution of seismic stations. The five attenuations curves are shown in Figure 6 . The Jonathan (1996) , Mavonga (2007b) and Atkinson and Boore (2006) curves are in close agreement, while the Twesigomwe (1997) and Somerville et al. (2001) deviate significantly from the first three. Therefore, in the computation of seismic hazard, we used the Jonathan (1996) , Mavonga (2007b) and Atkinson and Boore (2006) attenuation relationships.
Finally, seismic hazard maps are prepared. Modern probabilistic seismic hazard analysis typically deals with the many uncertainties in the input data by using a logic tree approach: input parameters are treated as random variables, and a range of hypotheses are considered whose contributions to seismic hazard are separately evaluated and then statistically combined (McGuire, 1993) . We used the EZ-Frisk software (Risk Engineering, Inc., 2007) to prepare seismic hazard maps for 2%, 5% and 10% chance of exceedance in 50 years. EZ-Frisk does not use the logic tree directly. It treats epistemic uncertainty in the input data by applying multiple magnitude recurrence models after defining multiple identical area sources with probability of activity or weight less than one in each seismic source zone. EZ-Frisk can also calculate the seismic hazard using multiple attenuation equations and depths.
EZ-Frisk was used to compute peak ground acceleration (PGA) for various combinations of the seismic source zones, the three attenuation equations, and two alternative focal depths. The input parameters are listed in Table 2 . The EZ-Frisk output is a statistical estimate of the annual chance of exceedance as a function of PGA. A 0.5 degree grid and 2%, 5% and 10% chance of exceedence in 50 years (which corresponds to return periods of 2475, 975 and 475 years, respectively) was used in the calculation. The seismic hazard map obtained using the mean total hazard curve for every grid of interest in the area of interest is shown in Figure 7 . An example of the three total hazard curves (one for each attenuation equation) and the mean total hazard curve for a specific site (Bukavu) is shown in Figure 8 .
Findings
The highest levels of seismic hazard were found to occur in the Lake Tanganyika Rift sub-zone, where PGAs in excess of 0.32g, 0.22g and 0.16g are expected with 2%, 5% and 10% chance of exceedance in 50 years, respectively. The regions with the next high level of hazard are the other sub-zones in the Western Rift Valley, with the exception of the Virunga volcanic complex -Rutsuru Basin -Masisi area sub-zone where the seismic hazard, due mainly to the volcanic activity, is only moderate. The seismic hazard in the Congo Basin diminishes with distance from the Western Rift Valley until, at a distance of about 450 km, the chance of exceeding a PGA of 0.05g (the threshold value of engineering interest) is less than 10% in 50 years ( Figure 7) .
The level of seismic hazard at the sites of 14 cities (Bujumbura, Bukavu, Bunia, Butembo, Goma, Kalemi, Kananga, Kigali, Kigoma, Kindu, Kisangani, Lubumbashi, Mbuji Mayi and Uvira) was also estimated in terms of the PGA exceeding indicated values with a chance of 2%, 5% and 10% in 50 years. These values are listed in Table 3 .
Discussion
The analysis used in this study is subject to several sources of uncertainty: i. The results obtained in this study are based on a catalogue of about 90 years duration, which is assumed to be complete for events of magnitude M w >4. However, African plate boundaries are generally characterised by slow relative motions (2 mm/yr to 15 mm/yr). Hence large earthquakes have extremely long recurrence times (Hartnady and Benouar, 2007; DeMets et al., 1990; Walpersdorf et al., 1999; Lowrie, 1997; Asfaw et al., 1992 , Jestin et al., 1994 , Chu and Gordon, 1999 , Bilham et al., 1999 . As the maximum credible magnitude (M max ) was estimated on the basis of the observed maximum magnitude (M max obs ), this important parameter may be underestimated. ii. The regression relations used to homogenise magnitudes introduce errors that are later incorporated in the calculation of the b-value and the activity rate.
iii. Regional strong ground motion observations are lacking. The attenuation relations used in the analysis are based on numerical simulations. iv. The delimitation of seismic source zones also requires significant interpretation on the part of the analyst as the seismic stations are sparsely distributed and the geology is poorly documented. To assess the sensitivity of the outputs to these uncertainties, we considered two alternative source delimitations, three attenuation equations, and two different depth estimates (10 km and 20 km).
To determine the effect of delimitation of seismic source zones on estimates of the PGA at selected sites, both probabilistic and deterministic approaches were used considering two delimitations of the Western Rift Valley seismic source zone. In the first scenario (S1), the Western Rift Valley seismic source zone is considered to be a single structure with a single rate of activity, b-value and M max . In this model, every point in the Western Rift Valley seismic source zone is a candidate for the largest magnitude event. In the second scenario (S2), the Western Rift Valley seismic source zone is considered to be segmented into four sub-zones. The rate of activity and the maximum magnitude M max may differ from one sub-zone to another, but the b-value is considered to be the same for all these sub-zones because it is supposed to be governed by the same tectonic setting. The results are listed in Table 3 . Using the probabilistic approach, the PGAs calculated using the S1 model were slightly greater than those produced by the S2 model by about 0.01 g, which is not significant from the engineering point of view. Therefore, in this study, we adopted the S2 model in the final computation of seismic hazard because, on the basis of the seismicity and the geology of the region, we believe that the S2 model is more realistic. The probability of observing an earthquake with magnitude greater than 7 in some sub-zones (e.g. Virunga volcanic complex and vicinity) is small due to the high heat in the crust generated by volcanic activity. Consequently, it may be impossible to accumulate sufficient strain to generate this maximum earthquake magnitude.
In the case of the deterministic approach, the maximum difference in the strong ground motions predicted by the two scenarios was more than 1 g (see Bukavu, Goma and Kigali, Table 3 ). Using the S2 model and deterministic approach, the maximum credible PGA at Bukavu is 0.771g. However, the probabilistic hazard curve (Figure 8) shows that the annual probability of such event occurring close enough to Bukavu to generate this PGA is only 0.00002. This equates to an event with 50,000 year return period, thus the probability of occurrence of such a "scenario earthquake" is extremely small but not null.
There are large differences between the PGA values obtained using these two approaches. The deterministic approach is essentially based on a worst case scenario where the event occurs close the site. However, the approach does not provide any indication of how likely this event is to occur during the lifetime of the structure. The deterministic approach is usually used for significant structures like power plants, large dams, large bridge, etc. In developing such scenario earthquakes, considerations should be given to the potential fault locations which can generate these earthquakes.
The approaches can complement one another by providing different perspectives on the seismic hazard or risk problem. One method will have priority over the other, depending on the seismic environment, the scope of the project and how quantitative are the decisions to be made.
As the locations of faults that may potentially cause the scenario earthquake are not well documented, we opted to produce a hazard map based only on the probabilistic approach. This quantification of the seismic hazard is based mainly on the seismic and geological history available in the area. Incorporation of any new specific information may yield a different result. Source zonation based on new paleoseismic information may improve the detailed hazard map. Also, site response studies will provide improved local hazard curves.
The results obtained in this study were compared with previous work in the Western Rift Valley of Africa, and found to be in general accord. Midzi et al. (1999) presented a seismic hazard map for eastern and southern Africa covering a large area of approximately 50°x50°. At such a large scale, only regional structures were considered when delimiting source zones. They reported high PGAs (in excess of 0.22 g with probability of 10% in 100 years) in southern Sudan, Western Rift Valley and northern Tanzania. Twesigome (1997) presented a probabilistic seismic hazard map of Uganda. He reported a PGA in excess of 0.20 g with probability of 5% in 50 years in or close to the Western Rift Valley south of latitude 0.5°N. Ferdinand (2007) analysed the probabilistic seismic hazard in the city of Arusha in Tanzania, located about 200 km from the Lake Tanganyika area. This city is subject to threats from both the western and eastern rifts. His results indicate exceedance of the PGA values of 0.15, 0.20 and 0.27g for return periods of 475, 975 and 2475 years, respectively.
Conclusion
Four seismic hazard zones were identified in the DRC and surrounding areas based on probabilistic seismic hazard analysis and the expected intensity of ground motion. A seismic zoning coefficient, which may be used to determine the seismic shear force acting on a structure, was tentatively defined for each zone. The seismic zone coefficient is a relative intensity ratio of anticipated earthquake motion that takes the expected earthquake motion for the entire study area into account. The coefficient in the seismic hazard zone with the highest hazard is set at 1.0 (Hiroshi, 2006; Edoardo et al., 2005) . The seismic hazard zones are: 1. Zone A (very high hazard). Largely the Lake Tanganyika Rift zone, where PGA values of 0.32g, 0.22g and 0.16 g are expected to with probability 2%, 5% and 10% in 50 years, respectively. Seismic zoning coefficient = 1.0. 2. Zone B (high hazard). This includes the Lake Kivu Basin, Ruwenzori and Lake Edouard region. Seismic zoning coefficient = 0.9.
3. Zone C (moderate hazard). This includes Rutsuru, Masisi, Upemba and a part of Congo Basin close to the Western Rift. Seismic zoning coefficient = 0.8. 4. Zone D (low hazard). The remainder of the Congo Basin.
